Introduction
============

The clinical approach to right ventricular (RV) cardiomyopathies is often challenging.[@B1][@B2] In 2006, we published the first clinical case report using echocardiography and magnetic resonance imaging to describe a syndrome of combined left ventricular (LV) noncompaction cardiomyopathy (NC) associated with arrhythmogenic ventricular cardiomyopathy (AC).[@B3] However, it is difficult to differentiate the isolated LV-NC from biventricular NC or from coexisting AC. There are currently few established morphologic criteria for the diagnosis other than RV dilation and presence of excessive regional trabeculation.[@B4] We describe an unusual case of AC associated with a NC in a 27-year-old man who had a history of permanent pacemaker 7 years ago due to second-degree atrioventricular block (AVB).

Case
====

A 27-year-old man presented with repeated paroxysms of palpitations resulting from a rapid wide QRS complex tachycardia. He had a history of an AVB that had been treated by dual chamber permanent pacemaker at age of 20, and had not had any health problems since then. He reports having no palpitation at the time he received the permanent pacemaker. His family history was free of any cardiovascular pathology. The patient was in his normal state of health until approximately 6 months before admission, when he began suffering palpitation and presyncopal attacks. Clinical examination was unremarkable except for his pectus excavatum. On electrocardiogram (ECG), there were vertical spikes preceding each QRS complex, which had left bundle branch block (LBBB) morphology ([Fig. 1A](#F1){ref-type="fig"}). This ECG is typical of RV pacing. However, ECG taken at emergency medicine showed incessant monomorphic ventricular tachycardia (VT) with a LBBB/inferior axis pattern ([Fig. 1B](#F1){ref-type="fig"}). We planned an emergent catheter ablation to eliminate the frequent episodes of VT caused by electrical storms. During the endocardial electrophysiologic study under the guidance of 3-dimensional electroanatomic mapping using the Carto 3 system (The Carto 3 System, Biosense Webster, Waterloo, Belgium), the earliest ventricular activation signal during the arrhythmia, which preceded the onset of the QRS complex by 43 msec, was obtained from the RV outflow tract ([Fig. 2](#F2){ref-type="fig"}). Activation mapping also demonstrated the arrhythmia focus and its propagation to the other sites of the RV. The classic entrainment with concealed fusion and best post-pacing interval was demonstrated and complete elimination of the VT was finally achieved with radiofrequency catheter ablation at that site. After the successful ablation of that site, a new and brief VT also detected but thought to be non-clinical VT; therefore it was not targeted.

After the procedure and patients stabilization, we could performed transthoracic echocardiography; which was remarkable for the presence of diagnostic features of LV-NC, characteristically including a compacted epicardial layer and a noncompacted endocardial layer that consisted of a prominent trabecular meshwork and deep intertrabecular recesses filled with blood from the ventricular cavity in the apical and mid portions of the LV ([Fig. 3A, B, and C](#F3){ref-type="fig"}, [Supplementary movie 1](#S1){ref-type="supplementary-material"}). LV systolic function was preserved with ejection fraction of 65%. The RV was slightly dilated (RV, 31 mm in parasternal long axis view; RVOT, 41 mm in the parasternal long axis view) with exaggerated trabecular pattern ([Fig. 3D and E](#F3){ref-type="fig"}) and mild systolic dysfunction. We could not perform a cardiac MRI (CMRI) due to his previous dual chamber rate-adaptive pacemaker and a endomyocardial biopsy because we estimated that the benefit/risk balance was unfavorable. The ECG taken after a pacemaker interrogation with lower heart rate (30 bpm/min) showed that 2:1 AVB (stars in [Fig. 1C](#F1){ref-type="fig"}) with the epsilon (arrows in [Fig. 1C and D](#F1){ref-type="fig"}) and negative T waves ([Fig. 1](#F1){ref-type="fig"}). Therefore, it was decided to upgrade the dual-chamber pacemaker to dual-chamber implantable cardioverter defibrillator implantation. At present, this patient is being followed at the outpatient clinic.

DISCUSSION
==========

Although there are rare cases of AC associated with LV-NC in literature,[@B3][@B5][@B6][@B7] it has been debatable that it is a cardiomyopathy as a consequence of an underlying same genetic factor or a co-existence of two different entities.[@B6]

Whereas the American Heart Association considers LV-NC to be a distinct primary genetic cardiomyopathy caused by the arrest of the normal compaction process of the developing myocardium,[@B8] the European Society of Cardiology refers to LV-NC as an \"unclassified cardiomyopathy\" as it may merely be \"a congenital or acquired morphological trait that is shared by many phenotypically distinct cardiomyopathies.[@B9] Moreover, researches over the last decade have also shown poor agreement among the proposed diagnostic criteria for LV-NC.[@B10] Zemrak et al.\'s[@B11] recent study and the accompanying editorial letter[@B12] underline the need for demonstrably superior diagnostic criteria for LV-NC and suggest that a definitive LV-NC diagnosis should be established only in those patients who 1) fulfill a quantitative short-axis diagnostic criterion (Jenni criteria for echocardiography and Jacquier criteria for CMRI); and 2) also exhibit 1 of the following features: LV-NC diagnosed in another family member; regional wall motion abnormalities; LV-NC related complications (arrhythmia, heart failure, or thromboembolism); and being a carrier of a pathogenic mutation in a gene previously associated with LV-NC in various families.

On the other hand, the arrhythmogenic right ventricular cardiomyopathy (ARVC) raises many controversial issues with regard to its existence, defining and diagnostic criteria, pathologic spectrum of changes, and pathogenesis. Therefore, the term ARVC is somewhat misleading as biventricular involvement or isolated LV involvement may be present and thus broader term such as AC should be preferred.[@B13] The recently modified actual diagnostic criteria for ARVC are often insufficient to make a diagnosis (low sensitivity, high specificity).[@B1] Indeed, it is difficult to differentiate the isolated LV-NC from biventricular NC or from coexisting AC.[@B2] There are currently few established morphologic criteria for the NC diagnosis other than RV dilation and presence of excessive regional trabeculation. The gross and microscopic changes suggest pathological similarities between, or coexistence of RV-NC and AC.[@B1][@B4]

Another important finding in this current report was that the reason of the previous syncope was related to AVB rather than VT. In patients with AC and syncope beyond detectable or inducible monomorphic VT, several mechanisms of syncope could be identified with conduction disease as the predominant finding.[@B14] The autopsy findings have shown that specific RV wall abnormalities are associated primarily with His bundle[@B15][@B16] and LV abnormalities.[@B16] In an autopsy study of 200 consecutive AC cases, the His bundle and its branches were abnormal in most cases (68%), either because of infiltration of adipose tissue (8%), fibrosis (54%), or both (6%).[@B16] On the other hand; whereas histologically conductive tissue infiltration in AC was prevalent (≈70%), clinically AVB is about 6%,[@B16] and appears as the tip of the iceberg of the conduction tissue involvement.

In conclusion, it is yet to be resolved as to whether isolated NC occurs as a distinctive pathological diagnosis or only in association with AC or with obligatory biventricular involvement.[@B4] Further investigations will be necessary to establish diagnostic criteria and determine whether isolated biventricular NC is same or different entity from AC.

Supplementary movie
===================

###### Movie 1

The transthoracic echocardiography showing the left ventricular and right ventricular hypertrabeculation.

![The 12-lead electrocardiogram showing (A) the typical of right ventricular pacing pattern, (B) the monomorphic ventricular tachycardia with a LBBB/inferior axis pattern; (C) 2:1 atrioventricular block (stars in C) with the epsilon (arrows in C and D) and negative T waves. LBBB: left bundle branch block.](jcu-23-186-g001){#F1}

![The endocardial bipolar electroanatomical mapping showing the earliest ventricular breaktrought site (A) and the scar area at preferentially RVOT (A) and a less extent degree at LVOT (B and C). RV: right ventricle, LV: left ventricle, RVOT: right ventricular outflow tract, LVOT: left ventricular outflow tract.](jcu-23-186-g002){#F2}

![The transthoracic echocardiography showing a compacted epicardial layer and a noncompacted endocardial layer that consisted of a prominent trabecular meshwork and deep intertrabecular recesses filled with blood from the ventricular cavity in the apical and mid portions of the LV (A-D), and an enlargement of RVOT with exaggerated trabecular pattern within the RV (D and E). RV: right ventricle, LV: left ventricle, LA: left atrium, RA: right atrium, RVOT: right ventricular outflow tract, PA: pulmonary artery, Ao: aorta.](jcu-23-186-g003){#F3}
